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Field of the Invention 



The present invention relates to a method for making a silicon balloon catheter, and more 



particularly to a method for making a silicon balloon catheter in which a balloon is formed on a lumen 



tube having a fluid drainage lumen and an inflation lumen so that it is inflated when a liquid is injected 
into the balloon through the inflation lumen. 



Description of the Related Art 

In general, a catheter made of silicon is a thin and long tube adapted to be inserted into the 
human body in order to drain a body fluid or to inject a therapeutic fluid. For instance, such a catheter 
may be used to drain urine. In this case, the catheter is inserted into the bladder through the urethra so 
15 as to drain urine collected in the bladder. 

Fig. 1 is a sectional view illustrating a conventional balloon catheter. Fig. 2 is a flow chart 
illustrating a conventional method for manufacturing the balloon catheter. 

As shown_in Fig. 1, the conventional balloon catheter includes a lumen tube 13 formed with a 
partition 19 therein to define a primary lumen 12 and an inflation lumen 14, and a balloon layer 16 
20 partially bonded to an outer surface of the lumen tube 13 to provide a balloon. The primary lumen 12 
serves to drain urine introduced from the bladder through a urine drainage hole 17, whereas the 
inflation lumen 1 4 serves to inflate the balloon provided by the balloon layer 16. An inflation hole 1 5 
is also formed at the lumen tube 13 in order to communicate the inflation lumen 14 with the interior of 
the balloon. 
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In order to manufacture the balloon catheter having the above mentioned configuration, an 
extrusion process is carried out to extrude an intermediate tube having the primary lumen 12 and 
inflation lumen 14 (Step SI), as shown in Fig. 2. Thereafter, the extruded intermediate tube is 
vulcanized (Step S2), and then cut into tube pieces having a desired length, that is, lumen tubes 1 3 (Step 
5 S3). 

Subsequendy, the inflation hole 15 and urine drainage hole 17 are perforated through each 
lumen tube 13 (Step S4). A tip 11 is then formed at one end of each lumen tube 13 (Step S5). 
Thereafter, a balloon manufactured in a separate molding process (Step S6) is bonded, as the balloon 
layer 1 6, to the outer surface of each lumen tube 1 3 by an adhesive (Step S7). Each lumen tube 13 is 
10 then subjected to an overcoating process (Step S8) to complete the balloon catheter having the 
configuration of Fig. 1. 

In the above mentioned conventional balloon catheter, however, there is a problem in that it 
may cause a patient great pain during a surgical operation because its balloon-bonded portion has a 
diameter relatively larger than that of other portions. Furthermore, the bonded portions of the balloon 
1 5 may be separated. 

Another conventional catheter manufacturing method is disclosed in U.S. Patent No. 5,137,671. 
This method will be described hereinafter with reference to Figs. 3a to 3g. First, a double 
lumen tube 100 is prepared, as shown in Fig. 3a. The double lumen tube 100 is formed with a first 
lumen 120 (a larger fluid conduit lumen) and a second lumen 140 (a smaller capillary lumen). 
20 A capillary lumen access opening 160 is punched through at an intermediate portion of the 

prepared lumen tube 100, that is, a balloon inflating portion, so that it communicates with the second 
lumen 140, as shown in Fig. 3b. The second lumen 140 is then filled with a polymeric fill material 
180 such as silicon rubber between one end thereof (that is, the left end in Fig. 3b) and a point just 
before the capillary lumen access opening 1 60. A tip 200 is attached to one end of the lumen tube 1 00 
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corresponding to the one end of the second lumen 140, so that both of the first and second lumens 120 
and 140 are closed at one end thereof. 

Subsequently, a portion of the lumen tube 100 extending from one end of the lumen tube 1 00 to 
the balloon inflating portion, that is, up to the line A - A in Fig. 3c, is dipped into a bond preventing 
5 agent solution (a liquid soap or petrolatum), and then dried, so that it is coated with a solidified bond 
preventing agent layer 300. The bond preventing agent layer 300 fills the capillary lumen access 
opening 1 60 and a portion of the second lumen 1 40. Thus, the bond preventing agent layer 300 has a 
cross section as shown in Fig. 3c. That is, the portion of the second lumen 140 between the line A - A 
and the capillary lumen access opening 160 is filled with the bond preventing agent layer 300, whereas 
10 the outer surface portion of the lumen tube 100 between the line A - A and the end of the lumen tube 
100 adjacent to the tip 200 is coated with the bond preventing agent layer 300, along with the tip 200. 

Thereafter, a portion of the lumen tube 1 00 extending up to the line B - B in Fig. 3c, that is, just 
before the balloon inflating portion, is treated using a surface active agent, and then dipped into hot 
water or other hot aqueous solution several times, so as to remove the bond preventing agent layer 300 
1 5 therefrom. Thus, the bond preventing agent layer 300 remains only at the balloon inflating portion of 
the lumen tube 100, as shown in Fig. 3d. An overcoat layer 400 is then coated over the entire outer 
surface of the lumen tube 100, as shown in Fig. 3e. The overcoat layer 400 may have a multi-layer 
structure including laminated layers 410 and 420. 

The remaining bond preventing agent layer 300 filling and covering the balloon inflating 
20 portion is completely removed through the second lumen 140 of the lumen tube 1 00, thereby forming a 
balloon cavity 440, as shown in Fig. 3f. Thus, a balloon catheter is obtained. 

Referring to Fig. 3g, it can be seen that the conventional lumen tube 20 has a cross-sectional 
shape where its thickness ta and thickness Ta are relatively large. Typically, the conventional lumen 
tube 13 has a minimum thickness between the outer surface thereof and the surface of the inflation 
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lumen 14, that is, ta, corresponding to 0.5mm, while having a minimum thickness between the outer 
surface thereof and the surface of the fluid drainage lumen 12, that is, Ta, corresponding to 0.9mm. 
Accordingly, workability in a subsequent operation for perforating inflation apertures while allowing 
the fluid drainage lumen to have a size as large as possible is significantly reduced. 



pollution due to waste water produced during the procedure of dipping the lumen tube 100 into water 
several times in order to remove the bond preventing agent from the portion of the lumen tube 100 
(between the line B - B and the tip-side end) other than the balloon inflating portion. 

Additionally, where the bond preventing agent is incompletely removed, the residue thereof is 

10 moved to the peripheral edge of the balloon cavity formed at the balloon inflating portion when the 
balloon cavity is inflated, thereby causing the overcoat layer to be stripped around the balloon inflating 
portion. As a result, the overcoat layer may be inflated around the balloon inflating portion. 

Also, the above mentioned conventional balloon catheter manufacturing method still has the 
problem caused by the diameter of the balloon inflating portion being larger than that of other portions. 

1 5 As another conventional example, there is a silicon rubber catheter disclosed in Japanese Patent 

No. 3015310 registered on June 21, 1995. 

In this catheter, a balloon is formed on the outer surface of a catheter body such that it is integral 
with the catheter body. The catheter body is formed using silicon rubber in accordance with a primary 
extrusion process so that it is defined with a fluid conduit lumen and a capillary lumen therein, and 

20 formed with a channel at the outer surface thereof. The catheter body is subjected to a vulcanization 
process, and then coated with a bond preventing agent at a balloon foirrring portion thereof. 
Thereafter, a balloon layer is laminated using silicon rubber over the outer surface of the catheter body 
in accordance with a secondary extrusion process, and then vulcanized. A tip is then formed at the 
catheter body. In this structure, the outer surface of the balloon layer is flush with the outer surface of 
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the catheter body at the catheter body portion other than the balloon forming portion, so that there is no 
step formed at the outer surface of the catheter body. Accordingly, there is no resistance caused by 
steps. 

However, it is difficult to practically manufacture such a catheter, in which the balloon is 
5 integral with the catheter body. 

This is because the silicon rubber layer coated in the secondary extrusion process may penetrate 
into the channel. Where the silicon rubber layer is coated without any penetration thereof into the 
channel, it is difficult to obtain a sufficient bonding force to the catheter body. In this case, the silicon 
rubber layer may be stripped even at a region other than the balloon forming portion. 

10 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a silicon rubber balloon catheter that 
substantially obviates one or more of the problems due to the limitations and disadvantages of the 
related art. 

15 An object of the present invention is to not require a step at a balloon portion thereof, thereby 

being capable of alleviating pain caused to a patient during a surgical operation while preventing a 
balloon layer from being separated from a region other than the balloon portion 

It is another object of the present invention to achieve an improvement in productivity and a 
reduction in manufacturing costs. 

20 Additional features and advantages of the invention will be set forth in the description which 

follows, and in part will be apparent from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the invention will be realized and attained by the 
structure particularly pointed out in the written description and claims hereof as well as the appended 
drawings. 
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To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, a method for making balloon catheters made of 
silicon rubber, comprises the steps of: extruding an elongated lumen tube provided with a drainage 
lumen and an inflation lumen therein; vulcanizing the elongated lumen tube; cutting the elongated lumen 
5 tube into unit length lumen tubes; fitting a support rod in the drainage lumen of the unit length lumen 
tube to extend up to a balloon forming region; forming one or more apertures through the unit length 
lumen tube at the balloon forming region; coating an outer surface of the unit length lumen tube at the 
balloon forming region with a bond preventing agent; removing the support rod from the unit length 
lumen tube; connecting a plurality of unit length lumen tubes in series with one or more connectors; 
10 extruding a balloon tube on the series of unit length lumen tubes; vulcanizing the balloon tube; cutting 
the balloon tube into unit length balloon tubes; forming a tip at one end of the unit length balloon tube; 
and forming a drainage hole through the unit length balloon tube. 

According to one aspect of the preferred embodiment, the drainage lumen has a greater diameter 
than of the inflation lumen. 

15 According to another aspect of the preferred embodiment, there are preferably two apertures, 

with a diameter of approximately 0.5mm and are spaced approximately 2mm - 3mm apart, and are 
formed at the balloon forming region of the unit length lumen tube. More particularly, the two 
apertures are formed through the unit length lumen tube adjacent to opposite edges of the balloon 
fonriing region. 

20 According to another aspect of the preferred embodiment, the drainage hole is formed through 

the unit length balloon tube between the tip and the balloon forming region. 

It is to be understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory and are intended to provide a further explanation of the 
invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects, and other features and advantages of the present invention will become 
more apparent after a reading of the following detailed description when taken in conjunction with the 
5 drawings, in which: 

Fig. 1 is a sectional view illustrating a conventional balloon catheter; 
Fig. 2 is a flow chart illustrating a conventional method for manufacturing the balloon catheter; 
Figs. 3a to 3g are sectional views respectively illustrating sequential steps of a conventional 
method for manufacturing a balloon catheter; 
10 Figs. 4a to 4h are sectional views respectively illustrating sequential steps of a method for 

making a balloon catheter according to an embodiment of the present invention; 

Fig. 5 is a sectional view illustrating the configuration of the balloon catheter manufactured in 
accordance with the method of the present invention; and 

Fig. 6 is a flow chart illustrating the balloon catheter manufacturing method of the present 
15 invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described in detail, with reference 
to Figs. 4a to 6. 

20 Figs. 4a to 4h are sectional views respectively illustrating sequential steps of a method for 

making a balloon catheter according to an embodiment of the present invention. Fig. 5 is a sectional 
view illustrating the configuration of the balloon catheter manufactured in accordance with the method 
of the present invention. Fig. 6 is a flow chart illustrating the balloon catheter manufacftrring method 
of the present invention. 
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In accordance with the illustrated preferred embodiment of the present invention, as shown in 
Fig. 4a, a lumen tube 20 is extruded in accordance with a primary extrusion process (Step S 1 1 in Fig. 6). 
The lumen tube 20 is formed with a fluid drainage lumen 22 and an inflation lumen 24 while having an 
outer diameter slightly smaller than the outer diameter of a desired balloon catheter to be finally 
5 obtained. The extruded lumen tube 20 is then subjected to a vulcanization process so that it has a 
desired elasticity. In order to manufacture such a lumen tube in a continuous manner, an elongated 
lumen tube is practically extruded, which is, in turn, cut into a plurality of unit lumen tubes each 
corresponding to the lumen tube 20 (Step S12 in Fig. 6). 

The lumen tube 20 has a cross-sectional shape shown in Fig. 4b. Thickness tb and thickness 
10 Tb, which are relatively small, illustrate an enhanced workability in a subsequent operation for 
perforating inflation apertures while making the fluid drainage lumen have a size as large as possible. 
This will be described in detail hereinafter. 

Taking into consideration the thickness of an overcoat layer to be formed on the lumen tube 20 
in a secondary extrusion process, the lumen tube 20 can have a reduced thickness, as described above 
15 and shown in Fig. 4b. The lumen tube 20 may have a minimum thickness between the outer surface 
thereof and the surface of the inflation lumen 24, that is, tb, corresponding to 0.3mm, while having a 
minimum thickness between the outer surface thereof and the surface of the fluid drainage lumen 22, 
that is, Ta, corresponding to 0.7mm. 

In the method of the present invention, it is desirable to use a vertical extruder and a vertical 
20 vulcanizer in the primary extrusion process (Step SI 1) and the vulcanization process (Step SI 2) in the 
method of the present invention, respectively. Where the horizontal extruder and vulcanizer are used, 
contact traces are formed. Even if these contact traces are fine, they remain in the form of defects at a 
region where a balloon is formed. The defects cause an eccentric inflation of the balloon or rupture of 
the balloon upon the inflation. 
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Thereafter, inflation apertures 23 are perforated through the lumen tube 20, as shown in Fig. 4c 
(Step S 1 3). The perforating process can be conveniently carried out by inserting a support rod 29 into 
the fluid drainage lumen 22, thereby maintaining the lumen tube 20 in a straight state, as shown in Fig. 
4d. Preferably, two inflation apertures 23 having a diameter (about 0.5mm) smaller than that of the 
5 conventional inflation hole are formed at positions adjacent to opposite edges of the balloon region 
while being spaced apart from the opposite edges by a distance of about 2 to 3mm, respectively. 

Should the inflation apertures 23 be excessively large, a balloon layer subsequently coated to 
form a balloon in a secondary extrusion process (Step S16 in Fig. 6) may penetrate into the inflation 
apertures 23, thereby causing the balloon to have a non-uniform thickness. As a result, the balloon 
1 0 may be ruptured upon its inflation. Therefore, inflation apertures having a reduced size may avoid this 
problem. 

Thereafter, a bonding preventing agent 28 is coated on the outer surface of the lumen tube 20 at 
a region where the balloon is to be formed, as shown in Fig. 4e (Step S14). In this coating process, 
care should be taken because the bonding preventing agent 28 has to be uniformly and completely 

15 coated around the outer surface of the lumen tube 20 at the balloon forming region, where the inflation 
apertures 23 are formed, such that its edges extend straight. 

For the bonding preventing agent 28, a commercially available liquid soap or a mixture of an 
aqueous transparent ink with a Teflon solution may be used. In order to obtain a desired viscosity, the 
bonding preventing agent 28 may be added with water or alcohol. 

20 The coating process is carried out by wetting a sponge with the bonding preventing agent 28 

having an appropriate viscosity obtained in the above described manner, bringing the sponge into 
contact with a portion of the lumen tube 20 corresponding to the balloon forming region, and rotating 
the lumen tube 20 one turn in a state of being in contact with the sponge. Thus, the bonding 
preventing agent 28 can be uniformly coated over the lumen tube portion corresponding to the balloon 
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forming region. The coated bonding preventing agent 28 is then dried by warm air of about 60 to 
70°C gently blown thereto (Step SI 4). 

After the bonding preventing agent 28 is sufficiently dried, the support rod 29 is removed from 
the fluid drainage lumen 22 of the lumen tube 20 (Fig. 4e). As shown in Fig. 4f, the lumen tube 20 is 
5 then fitted around one end of a connector 39 so that it is connected with another lumen tube 20 fitted 
around the other end of the connector 39. In such a manner, a plurality of lumen tubes 20 are 
connected in series by a plurality of connectors 39 (Step SI 5), so that a continuous secondary extrusion 
process can be carried out for the lumen tubes 20. 

A thin silicon rubber tube is then extruded in accordance with the secondary extrusion process 

10 while passing the connected lumen tubes 20 through a vertical extruder and a vertical vulcanizer (Step 
SI 6), and then vulcanized (Step SI 7), so that a balloon tube 30 is coated over each lumen tube 20, as 
shown in Fig. 4g. The secondary extrusion process should be carefully carried out in order to obtain a 
uniform thickness of the balloon tube 30 while preventing discoloration and degradation in 
removability at the region where the bond preventing agent is coated. 

15 The vulcanized tube product is then cut into tube pieces respectively corresponding to the 

connected lumen tubes 20 at step SI 7. Subsequently, the connectors 39 are separated from the tube 
pieces, thereby separating the tube pieces. A tip 40 is then formed at one end of each tube piece, as 
shown in Fig. 4h (Step SI 8). Finally, a urine drainage hole 26 is perforated through each tube piece. 
Thus, balloon catheters are completely manufactured. 

20 A balloon catheter manufactured in accordance with the above described procedures is shown 

in Fig. 5. In Fig. 5, the reference numeral 30' is a balloon portion of the balloon catheter provided by 
the balloon tube 30. When a liquid is injected into the balloon catheter through the inflation lumen 24, 
the balloon portion of the balloon catheter is symmetrically inflated. 

In accordance with the present invention, it is possible to achieve a reduction in labor, and thus, 
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a reduction in manufacturing costs because the manufacturing processes can be easily carried out, and 
the number of manufacturing processes is reduced. 

As apparent from the above description, the present invention provides a method for making a 
balloon catheter having no step at its outer surface by primarily extruding a lumen tube having an outer 
5 diameter slightly smaller than that of a balloon catheter to be finally manufactured, and coating a bond 
preventing agent on a portion of the lumen tube where a balloon is to be formed, and secondarily 
extruding a thin balloon tube on the lumen tube. When a liquid is injected into the balloon catheter 
through an inflation lumen provided at the lumen tube, the balloon tube is inflated while being 
separated from the lumen tube at a region where the bond preventing agent is coated, so that it serves as 

10 a balloon. Since the balloon catheter has a uniform outer diameter without having any step at the 
outer surface thereof, it is possible to reduce the pain caused to a patient during a surgical operation. It 
is also possible to achieve a reduction in manufacturing costs through an increase in productivity while 
considerably reducing problems involved with the conventional cases, for example, separation of the 
balloon layer at a region other than the balloon region. 

15 It will be apparent to those skilled in the art that various modifications and variations can be 

made in the present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this invention provided 
they come within the scope of the appended claims and their equivalents. 
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